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This report was prepared by the U. S. Department of the Interior,
U. S. Fish and Wildlife Service, National Reservoir Research Program
(NRRP), with the assistance of the Environmental Laboratory (EL), U. S.
Army Engineer Waterways Experiment Station (WES), under Intra-Army Order
WESRF 83-64, dated 15 November 1982. The study comprises part of the
Environmental and Water Quality Operational Studies (EWQOS), Task IIE,
"Environmental Effects of Fluctuating Reservoir Water Levels." The
EWQOS Program is sponsored by the Office, Chief of Engineers, U. S. Army
(OCE), and is assigned to the WES under the management of EL. The OCE
Technical Monitors for EWQOS were Mr. Earl E. Eiker, Dr. John Bushman,
and Mr. James L. Gottesman.

This report was prepared for use by Corps of Engineer biologists
or fishery biologists in predicting the effects of altering seasonal
water levels in existing reservoirs or in predicting which of several
reservoir operation alternatives for a new reservoir will have the least
negative effect on the reservoir fishery. The document provides back-
ground information on the topic and outlines a predictive method based

on multiple regression. Detailed guidance on the predictive method can

be obtained from a companion Engineer Technical Letter entitled "Predict-

ing Effects of Seasonally Fluctuating Water Levels on Fish Biomass and
Density in Hydropower Storage, Hydropower Mainstream, and Flood Control
Reservoirs."

This technical report was written by Mr. G. R. Ploskey and
Dr. L. R. Aggus, Fishery Biologists (Research) of the NRRP, and Dr. J. M.
Nestler of the EL. Mr. R. M. Jenkins was the Director of NRRP. The work
was under the direct supervision of Dr. Nestler and the general supervi-
sion of Mr. D. L. Robey, Chief, Ecosystem Research and Simulation Divi-
sion. Dr. J. L. Mahloch was the Program Manager, EWQOS, and Dr. John
Harrison was Chief, EL.

The Commanders and Directors of WES during the study and prepara-
tion of this report were COL Nelson P. Conover, CE, and COL Tilford C.

Creel, CE. The Technical Director was Mr. F. R. Brown.
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EFFECTS OF WATER LEVELS AND HYDROLOGY ON FISHERIES
IN HYDROPOWER STORAGE, HYDROPOWER MAINSTREAM, AND
FLOOD CONTROL RESERVOIRS
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*‘ PART 1: INTRODUCTION

;: 1. The storage and release of impounded water may result in

;&: significant water-level fluctuations within Corps of Engineers (CE) res-
ji; ervoirs. Fluctuating water levels within the reservoir may have con-

(. siderable impact on the reservoir fishery; however, these impacts have,
;; historically, been difficult to quantify. The state of the art of knowl-
;{: edge of the effects of fluctuating water levels on reservoir biota prob-
'i: ably was summed up by a panel of experts who attended a workshop on the
'i; research needs for including ecological issues in basin-level hydropower
';i planning (Hildebrand and Goss 1981). The panel concluded that althoug"
ijf the capability to predict water-level changes was adequate, the ability
:§: to predict the biological consequences was not. They also concluded
{ that predictability of effects of water-level changes on plants and

:: aquatic invertebrates was poor and that effects on fish had not been

;i quantified except to determine optimum or minimum requirements for

ﬁ? spawning. The consensus of the panel was that the ability to address

‘ ; ecosystem-level effects was qualitative at best.

;f 2. Most of the papers that compose the extensive volume of lit-
E: erature about the effects of reservoir water levels on aquatic biota

_i: are qualitative descriptions of the positive or negative effects on

,‘ species of plants, invertebrates, or fish and were designed primarily

v as pre- and post-treatment evaluations of a single fluctuation or manip- ff
- ulation event. When applied at all, statistical analyses usually were POV
" . g O W
Ny limited (by necessity) to paired tests (t tests) of significance. Some NN

studies that went beyond simple pre- and post-treatment evaluations were
done by Johnson (1957), Wood and Pfitzer (1960), Jenkins (1967, 1970),
Derkson (1967), Nelson (1968), Jenkins and Morais (1971), Aggus and
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= Elliott (1975), Chevalier (1977), and Nelson and Walburg (1977) and tjs::}
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N consisted of multiple regression analyses with small sample sizes. Bib-
. liographies by Triplett et al. (1980) or Ploskey (1982), and papers by

< Wood and Pfitzer (1960), Keith (1975), Groen and Schroeder (1978), and
Ploskey (1983) provide detailed reviews of the literature on the effects
of water-level fluctuations on reservoir biota.

3. The major objectives of this report are to quantify the ef-
fects of fluctuations in reservoir water levels and hydrology on resi-
dent fishes and to develop a predictive methodology for evaluating the
ecological consequences of existing or proposed water-level regimes in
CE impoundments. The objectives are achieved by employing multiple re-
gression (using fish biomass and density as dependent variables and sea-
sonal hydrologic indices as independent variables) to:

a. Determine which seasonal hydrologic events have the most
impact on fishes.

b. Determine whether existing plans for enhancing fisheries
by managing water levels could be substantiated by quanti-
tative data.

¢. Recommend water-level regimes to benefit important groups
or species of fish.
d. Provide regression models for predicting the effects of

existing or proposed regimes of hydrology on fishes in
three types of impocundments (hydropower storage, hydro-
power mainstream, and flood control).
Items a and d were cmphasized to increase the value of this report for
practical applications.
4. Inasmuch as regression models may be hypotheses about causes
and effects, and underlying reasons for observed relations are not

always obvious from the equations, discussion concerning the possible

biological or limnological basis for each relation was limited. Find-

[N
.
-

:5{_ ings from the hydropower storage data set are discussed the most
f;é thoroughly because it contained the most comprehensive data and was
:&?: also composed of reservoirs with the most similar operational and
;Et physical characteristics. In addition, effects of changes in water
h!& levels on fish were more pronounced in storage than in mainstream
:;j reservoirs. The findings from the flood control projects were the

most difficult to interpret since the results were not consistent.
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Additionally, the operational and physical characteristics of the flood

control projects varied widely.
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PART 11. DATA AND STATISTICAL METHODS

>

v ¥ v

5. Data on August fish density and biomass and on monthly surface

A . 2

area and water exchange rates were collated into three data sets, accord-

ing to reservoir type (hydropower storage, hydropower mainstream, or

.
2
",
"

g

flood control). Fish data were collated from the files of the National

;e
R

Reservoir Research Program (NRRP) but were originally collected by the
Tennessee Valley Authority (TVA), NRRP, and state fishery agencies. Hy-
droiogic data were obtained from the U. S. Geological Survey's 'Water
Resources Data" for the different states in which reservoirs were

located.

Reservoir Characteristics

et v N

oo
.

L4
LN
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6. Characteristics of the reservoirs for which both hydrologic

and fishery data were obtained (Table 1) clearly show the morphological

s e,

and operational features that distinguish the three types of impound-
ments. The hydropower storage reservoirs were large (extensive surface
area), deep, and dendritic (high shoreline development index). Shore-

line development (D) is a comparative figure that relates shoreline

length to the circumference of a circle that has the same area as the

v .
a

e
reservoir. Storage reservoirs exhibit substantial annual fluctuations '}:.?5::‘
& N )
(2.4-4.9 m) and retain water longer than mainstream reservoirs (i.e., 2:“ .
KA
storage ratios are high). Annual storage ratios indicate the number of N o~

years required to replace the entire volume of a reservoir. Hydropower
mainstream reservoirs are best characterized by rapid water exchange

(low storage ratios) and small annual fluctuations in water levels.

Flood control reservoirs usually have the most extensive changes in

water levels and the lowest shoreline development. The average annual

Y
DeOuOM §
R A

vertical fluctuations in the hydropower mainstream reservoirs were sig-

Lan
b N

p nificantly less than those in the hydropower storage or flood control

F! reservoirs. The average vertical fluctuation in the storage reservoirs .

f: did not differ significantly from that in the flood control impoundments. :

’... . . ‘.. K :
e However, fluctuations in the flood control reservoirs consistently et .
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The average annual change

HYDROPOMER MAINSTREAM

Surface area was reduced in fall by an aver-
Weooocliosro-Borcosforoecliocecofleaccefocseefioccccfeseecfoceroossell
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mainstream (Meltun Hill, Tennessee)

Seasonal changes in surface area in three types

of reservoirs--hydropower storage (Kerr Lake, Virginia),

B
flood control (Sardis Lake, Mississippi), and hydropower

Figure 1.

(53¥HLI23H) H3dH

in mainstream and storage reservoirs, respectively, but 88 percent in

flood control reservoirs.
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in surface area was only 14 and 23 percent of the average surface area
age of 55 percent in the flood control impoundments but only by 1.8 and

7.4 percent in mainstream and storage impoundments, respectively.

stream or storage reservoirs (see Figure 1).
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:ii Fishery data

o

:3 7. The two dependent variables for regression analysis were fish
" biomass (kg/ha) and density (numbers/ha). Fish were collected in August
t' by rotenone treatment of coves that were isolated from the reservoir

§$ with a large block net. Fish from the cove were collected, sorted to

Q} species, and measured to the nearest 25.4-mm size class. The number and
N

’

weight of fish within size classes were then determined for every

species or species assemblage of fish. A detailed explanation of typi-

cal cove sampling methodology was presented by Grinstead et al. (1977).
Fish size-class biomass and density data were summed into three major

size groups (small, intermediate, and large). For example, the biomass

of largemouth bass in the first four 25.4-mm size classes (fish <114 mm)

was summed to form the variable "small largemouth bass biomass." The

.)A‘n‘l‘r‘.a'/

biomass of largemouth bass in the next four size classes (fish >114 mm

and <318 mm) was summed to create the variable "intermediate largemouth

bass biomass." Largemouth bass >318 mm were considered to be "large,"

and their biomass and densities were summed accordingly. Maximum

lengths of small and intermediate-size fish are listed in Appendix D

(AT S

along with common and scientific names. Large-size fish groups were not
used for regression analyses because of the difficulty in establishing
cause and effect relations between hydrologic variables and the abun-

dance of large fish.

8. Dependent variables were standardized by reservoir to a mean
of zero and standard deviation (SD) of one to eliminate inherent differ-
ences in the biomass and density of fish among reservoirs due to differ-

ences in fertility. Thus, by standardizing the data for each reservoir

to a common mean and variance, fish data from separate reservoirs with-
in each reservoir category could be pooled and analyzed by regression
analysis.

Hydrologic data

9. Independent variables were derived from data on surface area
at the end of every month and monthly storage ratios (average monthly

volume/total monthly discharge) for the reservoirs and years in which

LR A A

fish data were available. Independent variables, their abbreviations,




definitions, and means * SD for the three data sets are presented in
Table 2. Monthly storage ratios express the number of months required
to replace all of the water in a reservoir. Consequently, low monthly
storage ratios indicate rapid rates of water exchange. Independent vari-
ables were standardized by reservoir to a mean of zero and SD of one.
Data were standardized to minimize the spurious effects of differential
size and flow in different reservoirs. Standardized deviates were
paired, according to reservoir and year, with deviates for fish biomass
and density. Standardization does not eliminate the differential ef-
fects of various operational regimes on fish (e.g., the timing and ex-
tent of drawdowns in reservoirs of the same type). When data from

several reservoirs with different operational regimes are standardized

and pooled for regression, an unknown amount of unexplained variation is

.

unavoidably introduced. This problem was most pronounced in flood con-

i

trol reservoirs.

Data Limitations

N ARR P 4

-,
3

10. Cause-effect relations between water-level variables and fish
biomass or density in size groups can be difficult to establish without
information on the age of fish when they recruit to the next larger size
group. Both growth and annual survival vary among reservoirs, and even
among years within the same reservoir. Cause-effect relations un-
doubtedly exist between hydrologic variables and the abundance of young-
of-year (YOY) fish in August because of effects on reproduction and sur-
vival. Also, yearling fish could be directly affected by water-level
variables if their growth and survival were altered in their first year
of life. But, water-level changes during the year preceding collection

probably will not change the abundance of large fish unless the fish

v v e .
s

move out of the reservoir or die. For example, the number of large carp

e

in a reservoir may be determined by a hydrologic event that occurred

;'j- 3 years earlier. Consequently, the "large-size groups" (adults) of fish
»ﬂfi were not ordinarily used for regression analyses.

F:i 11. Inspection of plots of standard normal deviates of biomass or
]
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density in consecutive years for small, intermediate-size, and large-
size groups of fish can help illustrate fish recruitment and identify
some of the major problems associated with assigning cause and effect
between reservoir hydrologic conditions and fish crop. Such plots also
show that water-level management can eventually (in 1-6 years, depending
on the species and growth) increase the abundance of large, harvestable-
size fish by creating strong year classes. Figures 2 through 6 present
changes in the biomass of small, intermediate, and large fish over time
in Clark Hill Lake and Bull Shoals Lake (hydropower storage reservoirs).
These particular figures are presented because they best illustrate the

recruitment of YOY fish into the larger size classes.
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Figure 2. Standard normal deviations in the biomass of

small (<114 mm; solid line), intermediate (114

< mm total length (TL) < 318; dashed line), and large

(>318 mm; dotted line) largemouth bass in Clark Hill

Lake, Georgia, from 1960 to 1967. The numbers 1, 2,

and 3 indicate years of above-average biomass of small,
intermediate, and large fish, respectively.
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Figure 3. Standard normal deviations in the biomass of small
(<114 mm; solid line), intermediate (114 < mm TL < 318; dashed
line), and large (>318 mm; dotted line) largemouth bass in
Bull Shoals Lake, Arkansas, from 1972 to 1981. The numbers 1,
2, and 3 indicate years of above-average biomass of small,
intermediate, and large fish, respectively.

-
Ll

12. Figure 2 shows changes in the biomass of largemouth bass in

Clark Hill Lake, Georgia, from 1960 to 1967. The line at zero on the

7. f' -
(o
it

ordinate axis indicates the average biomass in the reservoir. Plotted E}’It?
values reflect annual increases or decreases in the mean biomass of fish }:{?g\
measured in standard normal deviation units. The numbers 1, 2, and 3 in &“ﬂf ﬁ
the figure denote years of above-average biomass for small, intermediate, 3$*.*.¥
and large fish, respectively. Inspection of Figure 2 illustrates two £
important points.

a. Growth varies greatly from year to year in the same res-
ervoir. For example, most of the small largemouth bass
produced in 1960 grew into the intermediate size group
in one year, appearing as a peak in the biomass of
intermediate-size fish in 1961, whereas those produced
in 1962 required about 2 years to recruit to the next
larger size group.
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Above-average biomass of small fish usually will produce
an above-average biomass of large fish, but the number of
years required for recruitment to the largest size is var-
iable. For example, a majority of small fish produced

in 1960 (Figure 2) required 3 years to exceed 318 mm TL,
whereas most of those produced in 1962 needed 4 years.
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Figure 4. Standard normal deviations in the biomass of small

(<114 mm; solid line), intermediate (114 < mm TL < 241; dashed

line), and large (>241 mm; dotted line) gizzard shad in Clark

Hill Lake, Georgia, from 1960 to 1967. The numbers 1, 2, and 3

indicate years of above-average biomass for small, intermediate,
and large fish, respectively.

13. Points a and b above are also illustrated in Figure 3, which

g shows 10 consecutive years of data from Bull Shoals Lake, Arkanmsas. In

‘™

1973, a year of extremely high water levels, the biomass of small and

Y

intermediate-size largemouth bass was above average. The YOY fish grew

.
-

Ml

rapidly (exceeding 114 mm TL by August, with some exceeding 254 mm) and

.
)

recruited to the intermediate-size class in the same year. This observa-

-

tion was verified by growth data from scale samples (NRRP, unpublished

data). A year later (1974), young fish recruited to the largest size

.

4
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o
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group by exceeding 318 mm TL. Comparison of the above recruitment
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Figure 5. Standard normal deviations in the biomass of small
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(<114 mm; solid line), intermediate (114 < mm TL < 318; dashed [:a‘J%.A
line), and large (>318 mm; dotted line) flathead catfish in el
Bull Shoals Lake, Arkansas. The numbers 1, 2, and 3 indicate AN
years of above-average biomass of small, intermediate, and :ﬂfﬂi\"

large fish, respectively.

pattern to that of largemouth bass in Clark Hill Lake (Figure 2) demon-
strates that growth varies among as well as within reservoirs. The
strong year class produced in 1973 in Bull Shoals Lake (Figure 3) re-
sulted in above-average crops of large fish lasting 3 years (1974-1976),

»
.

substantially longer than most peaks of large fish observed in this

.
Ca I
’

study. Mean spring and summer surface areas in 1973 were 4,383 and

v v .o
]

5,617 ha greater, respectively, than they had been in 1972; in 1974 they

were still 1,541 and 3,456 ha greater than in 1972. Average summer
areas exceeded average spring areas by 1,513 and 2,194 ha in 1973 and
1974, respectively. The biomass of small largemouth bass was also above
average in 1978 and 1979, years when spring and summer water levels were

again above average. The high biomass of small largemouth bass in 1978

{: and 1979 resulted in an above-average biomass of large largemouth bass
5: in 1981, 3 years later.
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Figure 6. Standard normal deviations in the harvest (dotted

line) and the biomass of small (<114 mm; solid line) and

intermediate-size (114 < mm TL < 318; dashed line) white

bass in Bull Shoals Lake, Arkansas, from 1972 to 1981. The

numbers 1 and 2 indicate years of above-average biomass for

small and intermediate-size fish, respectively; the number 3
denotes a year of above-average harvest.

14. Species such as gizzard shad and flathead catfish, which re-
cruit infrequently and often stack up at intermediate sizes because of
slow, density-dependent growth, have an overall recruitment pattern simi-
lar to that of largemouth bass, except that it is drawn out over more
years (compare Figure 4 with Figures 2 and 3). Six years were needed
for small gizzard shad to grow and recruit to the largest size group
(>241 mm TL) after they first appeared as small fish in 1960. Flathead
catfish in Bull Shoals Lake (Figure 5) also required 6 years to recruit
to their largest size group (>318 mm TL) after they were produced in
1973, but most of those produced in 1978 needed only 3 years to become
large fish.

15. Caution must be exercised when concluding that a species was

not affected by hydrologic variables. Many species (e.g., white bass
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-:: and white crappie) are not sampled adequately in cove samples because
:: they are more pelagic than other species. Additionally, assigned limits
4 for small size groups (Appendix D) may not delimit YOY fish every year.
\i One might conclude incorrectly from Figure 6 that the production of YOY
;; white bass was unaffected or negatively affected by high water in 1973
:j because the biomass of small white bass was below average that year.

ﬁi Actually, extremely high water levels in 1973 resulted in an above-

- average biomass of intermediate-size white bass by August because YOY
i; grew beyond the upper limit of the small size group (114 mm), and most

»
/

managed to attain 254 mm by August. The biomass of YOY white bass would

SN
ey
R

have been above average in 1973 only if the YOY fish had exhibited aver-

p

age growth. The biomass of large white bass is not represented in Fig-

P
.

v
n{ ure 6. The reason is not that highly successful reproduction in 1973,
;;: 1975, and 1979 had no effect on the biomass of large white bass, but
ii that large white bass were never sampled adequately in cove samples.
z; Standardized creel data on the harvest (kilograms/hectare) of white bass 5y ;
o S
;:; in 1971-1974 (Figure 6) demonstrate that large white bass were probably 3:ﬂ .
' . oA
- more abundant in 1974 than in the previous &4 years. The harvest of white ijhgxz-
- VL R
"' bass increased from 1.6 kg/ha in 1973 to 21.1 kg/ha in 1974, as white e Y
@
- bass from the 1973 year class recruited to the fishery. e Srure.
o Ty
g RRORCRAS
- . )
R
- TN
Wy i‘.{h::"- -
‘) -
.- .
. s
o 5
. RSN
° s
T
s oAt
- o
-’.‘. -‘.\
o 3
R S
e b
NN
TN
X PN
.;‘. TN
. -'. 16 AN "\...- T
- LS AL Ny
B \'.- '.._"' 7
; R




AR RIS A T XS A I A o e R0 A AR I RS AR Sl AL AN SACAE A N A e S S A I L R S A

PART III. REGRESSION ANALYSES
Evaluation

16. Multiple regression analyses of fish variables against hydro-
logic variables were performed using the "maximum R2 improvement' (MAXR)
technique in the Statistical Analysis System Release 79.4 (Barr et al.
1979). The criteria used to select the most appropriate regression equa-
tion generated by this procedure were: (a) level of significance of

model and parameter estimates, (b) the change in mean square error (MSE),

(c) the coefficient of determination (Rz), and (d) the logic of positive

%

or negative correlations. The first three selection criteria were de-

Ay

L 2
P4
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scribed by Neter and Wasserman (1974). The fourth criterion compared

s g g8
’, S

effects generated by the analyses to those documented in the literature

to avoid including potentially spurious models that were statistically

significant but biologically unexplainable.

17. Two different strategies were used to describe the effects of

e
A

 o% §
..
v

fluctuating water levels on reservoir fish. A general description of the
effects of fluctuating water levels on the entire reservoir fishery was
obtained by examining the frequency with which the different hydrologic
variables occur in the correlation matrix. Variables of particular im-
portance can be identified in this way. The second approach describes
the reaction of species or small groups of species of fish to specific
hydrologic variables as indicated by individual regression equations.

18. In the first approach, each independent water-level variable

was discussed in the order of its relative importance, and examples of

fishes that were positive or negative correlates to each independent !L_

variable were listed. Water-level variables were ranked according to ;jz"

their relative importance by tallying the number of significant correla- S;:

tions at a = 0.05, counting the number of fish groups affected, and eval- :&\jéﬁ:

uating the consistency of positive or negative relations for different ..- ) .C
-

taxa. The consistency of positive or negative correlations was deter-

VA

mined by examining the number of positive and negative correlations sig-

P
L)

nificant at the a = 0.20 level.
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19. The second approach involved examining different species or
groups of species and derived multiple regression equations that de-
scribe relations between fish biomass or density and the independent var-
iable or variables. The "best" regression equations for each grouping
and associated statistics are presented in Appendices A, B, and C. To

avoid being redundant, the most significant equation with the highest co-

— DMEAGE TR #— St i,

efficient of determination was selected whenever biomass and density var-

s

iables were correlated with the same independent variable or variables.

R

Correlations Between Independent Variables

PAA -~ R

20. Correlations between independent variables can have undesir-

=

R

able effects on regression coefficients and on sums of squares that re-

bt s

flect the effects of single independent variables on a dependent vari-

able in a multiple regression equation (Neter and Wasserman 1974). When

D
¢ 4

independent variables are correlated, regression coefficients are not

+
@ .

unique but depend on which other variables are in the model. They may

s

not, by themselves, be significantly correlated with the dependent vari-

e

able, and a reduction in the total variation cannot be ascribed to a
single independent variable but must be viewed in the context of the
other independent variables in the model. However, Neter and Wasserman
(1974) point out that correlations between independent variables are
usually not a problem when the purpose of regression analysis is to make
inferences about response functions or to predict new observations, as
long as inferences are made about responses in systems with a similar
range of observations as the original data set.

21. The techniques and results developed by this study can be

l'

O

most effectively applied if the correlation pattern in the reservoir of

PR

P
e,
rl

interest is similar to that of the reservoirs presented in this report.

e

2
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In most instances, this should not be a problem since the correlations

w
r:il‘.,
NS
P,

between independent variables for each reservoir type (flood control,

hydropower storage, and hydropower mainstream) were generally similar,
except for a few differences in summer and fall variables. Since dif-

ferences in the correlation matrices of independent variables among the

18
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reservoir types are relatively minor, it seems unlikely that a study

reservoir would exhibit a pattern of correlations among the independent

variables so different so as to preclude use of the results of this re-

" A

port, although this could happen if the underlying factors which deter-

mine the hydrologic characteristics of a study reservoir differ from

those of the reservoirs described in this report.

A A AN N

22. The hydrologic patterns of reservoirs investigated in this
report were primarily determined by year-to-year variations in inflow,
which, in turn, were generally determined by precipitation. In years of
above-average precipitation, most of the seasonal variables describing
surface area and change in area were high, and variables reflecting hy-
draulic residence time in the spring were low. In drought years most of
the variables related to changes in surface area and water levels were
low or inconsistent, and variables indexing hydraulic residence time
were high. Correlations between fall variables and the other variables
were the least consistent among reservoir types, perhaps because fall
variables are determined less by precipitation (which may dictate winter

and spring water levels) than by flood control and peaking hydropower

operation. The fall variables illustrate that the underlying factors
characterizing the hydraulic conditions in some projects, particularly
in flood control projects, may differ from those examined in this study
and suggest that some degree of thought and caution should be exercised
when examining each study reservoir.

23. Problems may arise when the predictive techniques described

e e Y

»

in this report are indiscriminately applied without regard to the fac-

tors described above. For example, maintenance of high spring water

RN -

levels in a reservoir during a dry or average year may or may not have
the anticipated effect on the reservoir fishery. The relationships be-
tween the variable "spring surface area" and the other hydrologic vari-
ables will differ from those observed in this study. Spring hydraulic
residence time, for instance, will be substantially increased. In addi-
tion, the relationship between "spring surface area" and other, unmea-
sured variables will also be altered. In this study, higher than usual

spring areas were caused by high spring inflows. The high spring inflows
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also probably carried increased nutrient loads and may have had an ef-
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v

fect on the reservoir thermal regime. Stratification may have been de-

data set illustrate the overriding influence of inflows. Water levels

layed or weakened by the large inflows. These effects would probably not

TE: be observed in a reservoir in which spring water levels were increased
‘i: in a dry or average year. Consequently, the recommendations in this re-
:E port designed to enhance reservoir fisheries can be most effectively used

] by taking advantage of suitable prevailing or anticipated hydrologic con-
:E: ditions. The recommendations should not be used as a ''cookbook."
Ef Hydropower storage reservoirs
<;3 24. Water level changes and hydrology in the hydropower storage
{

;SH typically were lowest in fall, after drawdown. If fall area was above
~ normal because of high runoff and if spring inflows were normal or above
‘r:3 normal, then water levels were usually above normal in the following sum-
)

mer. The high water in the fall seemed to prevent above-average changes

i%: in area the following year, possibly because the reservoir could not be

:&: drawn down as effectively. Consequently, surface area in fall was posi-

;:S tively correlated with area in the next summer (r = 0.38) but negatively

( with change in area the next year (Table 3). Winter-spring area was di-

%:: rectly correlated with spring area (r = 0.92) and summer area (r = 0.43), g N
i; and there was a positive correlation between spring and summer area y :g
i& (r = 0.54). The positive change in area from March to May was inversely :;i
:ﬁ) related to the maximum change in area per year. In short, heavy spring :ﬂff
{:: inflows prevent excessive drawdown. In addition to its correlation with

k:_ winter-spring and spring areas, summer area was inversely related to

28 spring storage ratio (r = -0.40); that is, summer area was highest when

. water exchange rates were most rapid.

.
s

v e

Hydropower mainstream reservoirs

I
TN 25. The pattern exhibited by the correlation coefficients of the -
o hydropower mainstream variables was generally similar to that observed t%
. in the hydropower storage data set, except that inflows had a greater ®
::{: effect on water level changes and operational control was minimal jf
S (Table 3). High inflows in mainstream reservoirs do not ensure high ~
‘:j water in summer as they often do in storage impoundments because the ﬁ}'
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flows cannot be retained. The maximum change in area per year was not
correlated with any other variables, indicating that no one event can
determine the change in area over the course of a year, as in storage
reservoirs. Area in mainstream reservoirs responds more immediately to
changes in flow than area in other types of reservoirs and therefore
fluctuates more often, though less extensively than in other types of

reservoirs. Area in the fall was correlated with fall change in area

w3

(r = 0.59) only, and apparently was unrelated to water level changes in

e ..
Eis the following year, as it was in storage reservoirs. Storage ratio in iz
:;: the fall was not correlated to any other independent variables. Winter- -
- spring area was directly correlated with spring area (r = 0.80) and sum-

! mer area (r = 0.46) and inversely with spring storage ratio (r = -0.61);

Ki: there were correlations between spring area and the variables summer

;:; area (r = 0.50) and spring storage ratio (r = -0.44). Change in area

o from March to May was inversely correlated with the change from June to

L J

August.

Flood control reservoirs

26. The pattern of the correlation coefficients in the flood con-
trol data also reflected the overriding influence of inflows on water
levels and water exchange rates (Table 3). Area in the previous fall
was positively correlated with area in the next summer (r = 0.35) but,
unlike the hydropower storage reservoirs, was also positively corre-
lated with the maximum change in area per year (r = 0.39). Apparently,
if water levels are still high in late winter, additional rains in

spring will cause above-average water levels in summer. However, by

L $

late summer or fall, drawdown finally will evacuate floodwaters, thus

[}
-
s

"-

o resulting in an above-average change in area for the year. As in the ®

~r other types of reservoirs, winter-spring area was a positive correlate \':n
X to spring area (r = 0.89) and summer area (r = 0.36), and low spring BN,
.I‘ ’-\.\-
- . . . . WA
SR storage ratios (rapid water exchange) were associated with above-average pﬁ;:_
o~ o
- area in winter~spring and spring as well as with change in area from s
-®

March to May. Spring and summer areas also were correlated (r = 0.50).

[aacan'
.‘ ..
o

}: Drawdown of water levels from June to August, as indicated by summer
d-.

:; change in area, was lowest after spring area was highest (r = -0.40),
~
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probably indicating that drawdown is difficult to achieve when inflows

are heavy.

Effects of Individual Hydrologic Variables on Fish

Hydropower storage reservoirs

27. Independent variables were ranked in order of importance ac-
cording to the number of correlations significant at o = 0.05 . The
variables, along with the numbers of significant (o = 0.05) occurrences
in the regression equations are: (a) spring area, 34; (b) annual change
in area, 29; (c) summer area, 25; (d) spring change in area, 24; (e) sum-
mer change in area, 23; (f) winter-spring area, 19; (g) spring storage
ratio, 13; (h) previous fall area, 13; (i) previous fall change in
area, 4; (j) previous fall storage ratio, 2. Excluding annual change in
area, the six most important variables deal with area or changes in area
in spring and summer. These results are consistent with the literature,
except that summer area was more important than most winter-spring or
spring variables, with the exception of spring surface area. Previous
research findings have emphasized the importance of spring water levels
to fish reproduction and reproductive success (e.g., Benson 1976; Cheva-
lier 1977). Results obtained in this study certainly support this em-
phasis, but they also indicate that water levels and changes in water
levels in summer may be equally important in determining year-class
strength because they strongly affect the survival and growth of young
fish.

28. Further insight into the relationship between hydrology and
the reservoir fish community can be obtained by listing variables that
were either strongly positively or negatively related to the fish vari-
ables. Six of the hydrologic variables had positive effects on many
fishes in the hydropower storage reservoirs. Listed in order of impor-
tance, with the percent of positive or negative correlation in parenthe-

ses, these variables were as follows: spring area (+93), annual change

in area (+96), summer area (+89), spring change in area (+95), winter-

spring area (+92), and fall change in area (+79). Summer change in area,
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Eﬂ or drawdown (-89); spring storage ratio (-82); and area in the previous
Q} fall (-91) were inversely correlated with fish variables.

Py 29. The effects of seasonal surface area on fish that were iden-
P tified in this study corroborate previous findings of fishery research
b._‘-

DA and management (Table 4). The first step in most water-level plans

b

%2 (e.g., Groen and Schroeder 1978) involves drawdown to a low pool level
EN in fall. In this study, densities of intermediate-size black basses

and largemouth bass in August were above average in years after a fall
in which surface area was below average (Table 3). Reduced area in fall

presumably concentrates prey for predators and enhances the survival of

yearling piscivores (Benson 1973; Keith 1975). Reduced area in fall
also permits seeding (Strange et al. 1982) or the natural development of
terrestrial vegetation in the fluctuation zone. When flooded the next
spring, herbaceous vegetation is believed to improve nesting and nursery
sites ot fish and thereby enhance spawning. Spring flooding after low
water levels in fall inundates the fluctuation zone and supports above-
average crops of fish. Nest-building fishes such as largemouth bass,
spotted bass, and crappies clearly benefit from water levels that are
low in fall and high in spring (Table 4). Density of intermediate-size
smallmouth bass was the only variable that was negatively correlated

(0 = 0.01; r = -0.81) with winter-spring and spring surface areas. A
similar observation was made by Aggus (1979). The survival of smaller
bass appears to be enhanced over that of other species of black basses
because yearling smallmouth bass are better at using available rock sub-
strates for cover to avoid predation (wave action will often create a
rock~-bottom area near the lower extent of the fluctuation zone). The

biomass and density of small catfishes, small channel catfish, and flat-

- head catfish were inversely correlated with surface area in the previous

ey

fall but were not positive correlates with spring area. Apparently, cat-

L B
.
o

fish reproduction is not enhanced by spring flooding, although the survi-

ﬁ}f val of yearling catfish is improved by increased food and cover made
! available by low fall area and spring flooding. Densities of gizzard :\ 3 N \
’--' ) -.\.‘_‘ -
o shad in August were higher in years when the surface area was low gfu;\f\fq
b, . Ve .
> . . R ARNZY
' the previous fall and high water levels occurred in spring. The AR
N, ~
\ -
¢ (SASLSA AN
= 23 N Y
2 AR
T \"\}‘ "y
AN AT N
: NN
. ISR
v L v v ~—— | J L
<o

e-rer~x@ © 0 @ e ® ° 9

; RS P e S s S iar S > R A P A ST P N O
R RS RS R AR AR NN TR TR, TETE] -‘,._—‘"‘7. -'..:" L } ‘.4_"}“'4' RO : 1,,'\‘ \."':‘:‘f\f?-i.ﬂ _{\-“5 \'_p"_p'\_u -
. . PR - . W ﬁ“ I'd

-
O R AL LA LAY . . CRAER O YN AT
IR AR D SL AR I "y -,'f_ < EAARAR SRS .._\_ AR IR
- e o N D T N I e e
e - '."'. '-'.'t.“-.-.-."--.'n.-'---.-‘.. BRSNS ~° '-‘.’-’ .':.\ ‘w ..J'."‘. N q Ny " W "o
‘. NI N T ¢ P R P AN IR, LY gﬂﬁtiidbﬁaﬂs- AN LYy



reproductive success of gizzard shad could benefit from vegetation grown
in fall because it affords places for attachment of adhesive eggs and
refuge for very young fish.

30. The many intermediate-size fish listed as positive correlates
to winter-spring and spring area and the many small and intermediate-
size fish listed as positive correlates to summer area strongly suggest
that increased survival may be as important as enhanced reproduction
in the formation of strong year classes. The positive responses of
intermediate-size groups to high spring water levels might be accounted
for in one of two ways: (a) fish in the intermediate-size group may
have been YOY fish that grew out of the small-size group, or (b) survi-
val of yearling fish in spring may have increased significantly. An
examination of the numbers of YOY sunfish of several species in Bull
Shoals Lake indicated that densities did not vary directly with spring
water levels. Alternatively, the densities of yearlings could result
from average numbers of YOY fish if water levels were high in spring of
the second year and survival of YOY fish increased greatly. Only
intermediate-size sunfish had positive correlations with spring and sum-
mer area (Table 4). An average number of 90-mm bluegills in the spring
of their second year have an enormous survival advantage over the YOY
bluegills because they can ingest larger prey and better utilize the
abundant forage made available by spring flooding. In essence, they
are like YOY fish that have hatched at 90 mm. If their fortality in
spring and summer were reduced by 50 to 75 percent, they would signifi-
cantly contribute to the abundance of intermediate-size bluegills.

31. All significant correlations between fall area and fish vari-
ables were negative, and all those between fish variables and area in
winter-spring, spring, and summer were positive, except for those for
intermediate-size smallmouth bass (Table 4). The consistency of results
also is reflected in the positive correlations between area in spring or
summer and the biomass or density of multispecies categories of fish
such as all species, sport fishes, and minnows.

32. Correlations of fish variables with seasonal changes in sur-

face area corroborate the correlations between seasonal surface area and

24
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fish variables. Spring changes in area were positive in 95 percent of

e
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the years, and fall and summer changes in area were negative in 91 and

89 percent of the years, respectively. Table 5 lists the groups of fish

that were positive correlates to the extent of drawdown in the fall of
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the previous year and with the amount of spring flooding. The fishes

S
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that were negative correlates to the magnitude of summer drawdowns also

are listed. Thus, above-average biomass or density of many groups of

. ey

fish result in part from water levels that are reduced more than average

in fall, rise more than average in spring, and remain stable or are re-

MU B

duced less than usual in summer. Because walleye was the only species

correlated at o = 0.05 with the amount of fall drawdown, fish that were

correlated at o = 0.20 were also listed. The young of nest-building
fishes such as the centrarchids in Table 5 were positively correlated
with the extent of drawdown in the previous fall and with spring flood-
ing. They were negatively correlated with the magnitude of summer
drawdown. Results in the table also indicate that the reproduction of
temperate basses and walleyes, which spawn in inflowing tributaries or
headwater areas, may be improved by drawdowns in the fall of the pre-
vious year. Perhaps shoal areas are cleaned by water-level fluctua-
tions, or low water levels in fall create more river-like conditions in
the headwater regions after spring runoff arrives.

33. Improved production of many YOY fishes by above-average in-
creases in spring surface area may be offset completely if the summer
drawdown is excessive. Small black basses, largemouth bass, spotted
bass, crappies, black crappie, and gizzard shad are listed as positive
correlates to spring flooding and as negative correlates to the extent
of summer drawdown. The abundance of intermediate-size spotted bass,
green sunfish, white bass, threadfin shad, and sport fishes also was
affected in the same way, presumably because survival and trophic con-
ditions were improved by spring flooding and diminished by summer
drawdown.

34. A simple method of comparing the relative effects of spring
flooding and summer drawdown is to add the positive slopes of regres-

sion equations relating a fish variable to spring change in area to the
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negative ones from equations relating the same fish variable to summer
change in area. Differences should roughly indicate the net effect of
both variables, assuming that the magnitude of spring and summer changes
in area were equal. Thus, if the increase in spring area was substan-

tially more important than extent of summer drawdown, the resultant sum
of the slopes should have a large positive value. Conversely, if in-

Crease in spring area was not as important as extent of summer drawdown,

then summation of the slopes should yield a large negative value. The
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Ay Y
LIS )

following is a list of variables for small fishes, with the sum of the
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positive and negative slopes given in parentheses: black bass biomass
(+0.13), largemouth bass biomass (+0.14), spotted bass biomass (-0.02),
crappie biomass (+0.05), black crappie density (+0.05), and gizzard
shad density (-0.13). For intermediate-size fish, results were as fol-
lows: sport-fish biomass (-0.01), green sunfish density (-0.03), white
bass density (-0.15), and threadfin shad density (-0.14). Net slopes
listed above probably do not differ significantly from zero, indicating
that the two variables are approximately of equal importance. Note
that the net effects for small fish were mostly positive, whereas those
for intermediate-size fish were negative. This result probably reflects
the importance of high spring water levels for reproduction and high
summer water levels for survival.

Hydropower mainstream reservoirs

35. Independent variables reflecting seasonal or annual changes
in water levels had only a few significant correlations to fish vari-
ables and therefore were eliminated from this discussion. Data on

changes in area for the hydropower-mainstream data set were highly vari-

able (Table 2), and this variability may account for the scarcity of
correlations with fish variables. The few significant correlations are
presented in Appendix B.

36. Important independent variables could not be ranked by the
frequency of significant occurrence (at o = 0.05) as was done with the
hydropower storage data set because most variables had about the same
number of occurrences. Independent variables, listed according to sea-

son of occurrence, with the number of significant equations given in
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parentheses, were as follows: previous fall area (10), previous fall
storage ratio (9), winter-spring area (10), spring area (8), spring
storage ratio (8), and summer area (8).

37. Spring storage ratio and winter-spring and spring surface
areas were the most important variables for producing above-average den-
sities and biomass of small fishes in August (see Table 6). Spring
storage ratio was a significant negative correlate to small fish vari-
ables in every case, indicating that above-normal rates of water ex-
change (inflow) in spring produce above-average densities and biomass of
many types of small fish in August. Winter-spring and spring surface
areas were positive correlates to fish variables in 93 percent of the
significant correlations. An examination of groups of fish correlated
(at a = 0.20) with winter-spring or spring area and spring storage ratio
(Table 6) further confirms that the reproductive success of many groups
was increased by high inflow and above-average surface area. Above-
average surface areas and low storage ratios in the previous fall appar-
ently improved the reproductive success of sunfishes in the next spring,
whereas the production of small catfishes benefited from low water in
the previous fall. These results are similar to the findings for these
groups of fishes in hydropower storage reservoirs, and most of the find-
ings about effects of water-level changes on small fish in mainstream
reservoirs support previous findings published in the literature for
reservoirs in general.

38. Of all the independent variables, surface area in the pre-
vious fall was most often correlated to the biomass or density of inter-
mediate-size fishes. Intermediate-size fish that were positive corre-
lates to fall area are listed in Table 6. Eight of the nine significant
correlations between area in the previous fall and fish variables in
August were positive, indicating that above-average surface area in fall
probably increases the survival of most of the fish that hatched the pre-
vious spring. Evidently, the extra space and refuge provided by high

waters produce the same results on intermediate-size fish in mainstream

reservoirs that they did in storage reservoirs. Intermediate pike den-

sity was the only variable that was inversely correlated to area in the
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previous fall. Because YOY pikes grow to a larger size than most

fishes and have secretive habits, they may be less susceptible to preda-
tion and may even benefit from reduced water levels that concentrate
prey fishes.

Flood control reservoirs

39. Of the ten independent variables in this data set, only the
seven that were correlated to a substantial number of fish variables
will be discussed. Changes in area in the previous fall, spring, and
per year were the poorest independent variables. Attempts to rank the
seven remaining variables according to the number of significant corre-
lates and consistency of effects were frustrated by the fact that those
variables correlated to the most fish variables also had the most incon-
sistent effects on different types of fish. The variables finally were
ranked according to their potential for manipulation and consistency of
effects. They were as follows: (a) summer area, (b) fall storage ratio,
(c) summer drawdown, (d) spring area, (e) spring storage ratio, (f) fall
area, and (g) winter-spring area. Winter-spring and spring area are
considered to be one variable in the following discussion of the effects
of these seven variables on the fish community since their effects were
similar. For simplicity, the effects of variables are discussed in
chronological order by season rather than in the order they were ranked.

40. Storage ratio in the previous fall had a greater effect on
fish in flood control and mainstream reservoirs than in hydropower stor-
age impoundments. It was directly correlated with the density and bio-
mass of intermediate-size sport fish, walleye, bluegills, and common
carp, as well as the total density of reservoir fishes. This finding is
consistent with those on relations between fall storage ratio and some

of the fish variables in mainstream reservoirs but not in hydropower

o'
( 1.. .
e

storage impoundments. Some YOY fish apparently are flushed from main- ?i?»?b
stream reservoirs when water in the reservoir is exchanged rapidly dur- :E:&:i
ing storm events, or from flood control reservoirs where water can ex- ;5?\
change in less than 2 months and extensive fall and summer drawdowns E
commonly reduce surface area by 60 percent. :; -
41. Reduced water exchange rates and above-average area in the :E{?tf
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previous fall apparently enhance the reproductive success of spotted
bass, bluegills, and lepomid sunfishes the next spring (Table 7).
Positive relations between previous fall area and the abundance of
these fish the next August may be partially explained by the fact that
above-average area in fall can dramatically increase the abundance of
benthos (Benson and Hudson 1975). Young spotted bass and sunfishes feed
extensively on benthos, and their survival could be increased if food
were less limiting. The biomass of intermediate-size largemouth bass,
black crappie, and sunfishes was increased after years in which area
was higher than usual in fall, suggesting that survival of YOY fishes
produced in the previous year was also increased. Negative correlation
between previous fall area and the abundance of small crappies, small
catfishes, and intermediate catfishes is generally consistent with find-
ings for the other types of reservoirs, except that small crappies were
positive correlates to this variable in mainstream reservoirs.

42. Except for small crappies, which were inversely correlated
to previous fall area, above-average surface area in fall, spring, and
summer resulted in increased biomass and density of most small and
intermediate-size centrarchids, temperate basses, and sport fishes
(excluding catfishes) in August (Table 7). Above-average surface area
in spring increased the abundance of sport fishes of all sizes while re-
ducing the total density of reservoir fishes. Reduced total densities
reflect the apparent negative effect of high spring area on non-sport
fishes, which comprise most of the total number and biomass of fish in
reservoirs.

43. The most unexpected finding was that the abundance of some
groups of small and intermediate-size fish was inversely correlated
with surface area in spring (Table 7). Most of these fish could be
classified either as commercial fish (e.g., catfishes, buffalofishes,
freshwater drum, and common carp) or as forage fish (gizzard shad, carp-
suckers, and minnows). Inverse correlations between the abundance of
these groups of fish and spring area contradict previously published
information. For example, Benson (1973) reported that the reproduction

of common carp, river carpsuckers, and buffalofishes was improved by
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rising or stable water levels over suitable substrates such as terres-
trial vegetation in the large Missouri River hydropower reservoirs. Wal-
burg (1976) reported that spawning success of some species such as fresh-
water drum and channel catfish was unaffected by wide fluctuations in
water levels in Lewis and Clark Lake, South Dakota, while that of near-
shore spawning fishes such as gizzard shad and emerald shiners (a spe-
cies of minnow) was adversely affected by low and variable water levels
from 1 March to 15 July. Increased survival of small prey fishes, which
would be required to produce above-average crops of intermediate-size
fish, has almost always been associated with high water in spring and
occasionally summer because it provides more space and refuge in flooded
vegetation or other structures (Murdock and Oaten 1975; Cooper and
Crowder 1979). However, results here suggest that survival of prey
fishes in flood control reservoirs is increased by below-average surface
areas in spring and summer (Table 7).

44. Correlations between spring and summer area and the abundance
of commercial and prey fishes were not the only evidence found that
these groups of fish apparently were more successful when spring inflows
were below normal (spring storage ratio was inversely correlated to area)
and when sumier drawdown was extensive. Small catfishes and freshwater
drum also were positive correlates to spring storage ratio and summer
drawdown, and intermediate-size common carp and the total density of
intermediate-size reservoir fish (all species) were positively affected
by low rates of water exchange. In contrast, intermediate-size sport
fish, black basses, largemouth bass, and sport fish of all sizes were
more abundant when the extent of summer drawdown was reduced.

45. There are four possible explanations for the divergent re-

sults presented in the previous paragraphs.

a. Apparent changes in the biomass or density of fishes

listed as negative correlates to spring and summer area
(Table 7) may have resulted from physical constriction
or expansion of available area. In these flood control
reservoirs, the mean spring change in area was highly
variable, and the maximum change in area per year aver-
aged 88 percent of the mean surface area. There is a
distinct possibility that extremely low water in August
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46.

P

of some years concentrated reservoir fish, giving some
groups the appearance of a positive response (increased
biomass or density). For example, fish that were not
affected by changes in water levels (perhaps catfishes
or freshwater drum) but nevertheless were concentrated
in one-half the normal August surface area would appear
to be twice as abundant as the same number of fish in a
reservoir with normal August surface area. On the other
hand, low water in spring and summer may be so detri-
mental to the reproductive success of certain sport
fishes (e.g., largemouth bass or crappies) that even the
concentrating effect of low water could not make the low
density of small fish appear to be higher than in high-
water years, when their reproductive success would be
greatly enhanced.

‘o

Most of the fishes that appeared to benefit from low
spring and summer areas (Table 7) are benthos feeders

and could benefit by being in proximity to established
benthic food sources. Benthic organisms often exhibit
inverted vertical distributions in widely fluctuating
reservoirs (Grimas 1961; Kaster and Jacobi 1978). Above-
average water levels in spring and summer could tempo-
rarily separate the strictly benthophagous fish from
their food and thereby reduce their survival.

o

Some commercial and prey fish may fare better in low
water than in high water because piscivores are gener-
ally much more successful in high-water years. In this
study of flood reservoirs, inverse correlations between
small prey fishes and intermediate-size sport fishes
were common.

(=9

Reservoir water quality during drought conditions may,

in an as yet unknown fashion, favor commercial and rough
fish. The reservoir would warm more quickly, stratify
earlier, and nutrient inputs and turbidity would be below
average. The above factors may shift the competitive
balance from sport fish to commercial and rough fish.

Management of flood control reservoirs offers a unique oppor-

tunity for increasing sport fish production at the expense of commercial

and forage fishes if the changes in fish biomass or density reflect act-

ual changes in fish populations. Correlations in Table 7 suggest that

above-average surface area in spring will increase the reproductive suc-

cess of most sport fishes. Summer and fall ar. s should be kept as

high as possible (maintain a seasonal conservation pool) to produce a

successful year class. This recommendation is well substantiated by
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the literature and the data collected in this investigation. However,

before management plans are developed to "increase'" the production of

commercial fishes by maintaining low water levels in spring and summer

)
in flood control reservoirs, further research should be conducted to en- :-.-.
sure that the apparent benefit observed was not just a result of concen- :: .
trating fish. . .
Effects of Water Level Fluctuations on Specific Groups of Fish r ' '.
E e
[ R Y

Lo A §

47. Multiple regression equations in Appendices A, B, and C indi-

cate how combinations of hydrologic variables affect species or groups

DA AL

of fish in each of the three types of reservoirs. These equations can

3
be used to identify the specific aspects of reservoir operation that af- e

-

P
fect the reservoir fishery. The effects of major alterations in reser- e

voir operation on the inpool fishery can be quantified if seasonal

changes in water level can be predicted. For example, the impacts of

seasonal water-level changes associated with the addition of hydropower
generating capability can be quantified. Additionally, these equations,
in conjunction with consultations with state and Federal fishery person-
nel, can be used to design well-documented management plans that protect
or even enhance the reservoir fishery under existing reservoir operation
procedures. The scope here was limited to discussion of effects of fluc-
tuating water levels on important sport fishes in the three types of res-
ervoirs, though effects could be identified for other groups of fish
using the same regression equations.

Hydropower storage reservoirs

48. Effects of water-level changes outlined here for storage res-
ervoirs were derived from regression equations in Appendix A.

49. As an entity, sport fishes of all sizes responded favorably

Yy T %

to an above-average increase in surface area from March to May and to a

I A ¢
. 5
2

L e
. .’v"
(o

mean surface area above normal in spring and summer. These findings do

not necessarily mean that all species that comprise the collective group

-

"sport fish" respond in the same way. It could mean that a few species
that compose most of the numbers and biomass exhibit similar responses

(sport fishes in the storage reservoirs were dominated by centrarchids).

» ie
°
i

r.
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:}a During a wetter-than-normal year, the production of small sport fishes
:}} should be increased if more water were discharged in fall (reduced fall
o
) storage ratio) and if spring inflows were stored (above-normal spring
. storage ratios), thereby creating a larger than average surface area in

spring. Survival of intermediate-size sport fish can be increased by

LS
J

reducing summer drawdown and maintaining above-average surface area in
summer. Thus, if the above water-level conditions produced more small
sport fish than usual in the previous year, maintenance of a high summer
pool in the current year will enhance the survival of yearling sport
fish.

50. Findings for largemouth bass were similar to those for sport

fish variables. Equations for predicting the biomass or density of

o
()
F 3

small largemouth bass suggest that reproductive success will be in-

creased by the following hydrologic regime: (a) water is released more

A
)

PPl

rapidly than usual in fall (during a wet fall) and the extent of draw-

L N

down is increased, (b) below-average area in fall is maintained to per-
mit the development of terrestrial vegetation in the drained zone,

(c) water is retained in spring (above-average storage ratio) to make
the average surface area in spring exceed the mean for the reservoir,
and (d) water levels are kept above the average summer pool throughout
summer. This regime is essentially identical to that most often pro-
posed by fishery biologists (Keith 1975; Groen and Schroeder 1978).
Intermediate-size largemouth bass also benefit from such a water-level
regime (see equations in Appendix A).

51. Multiple regression equations relating spotted bass vari-
ables to combinations of seasonal hydrologic variables show that a hy-
drologic regime similar to that for largemouth bass would be beneficial
(Appendix A). The only difference is that drawdown in the previous fall
N should be limited to benefit small spotted bass produced the next year,
: while intermediate-size spotted bass appear to be more successful when
drawdown in the previous fall was large. The differences in responses
of YOY and yearling spotted bass, as well as YOY largemouth bass, could
5 be due to the differing survival resulting from the availability of dif-

ferent foods. Studies by the NRRP staff have shown that YOY spotted
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;:g bass are primarily benthos feeders, whereas many intermediate spotted
?? bass are piscivorous and YOY largemouth bass eat zooplankton. Fall
N drawdowns in the previous year have been shown to adversely affect ben-
.E; thos populations the following spring (Benson and Hudson 1975) and thus
3:;5 could impair the food supply of YOY spotted bass without being detri-
i:ﬁ mental to that of intermediate-size spotted bass or YOY largemouth bass.
- In fact, zooplanktivores and piscivores (YOY largemouth bass and year-
e ling spotted bass, respectively) should benefit from increased zooplank-
;3 ton and forage-fish production. Such increased production normally oc-
%ti curs after spring flooding of terrestrial vegetation established the
" previous fall. =
§“€ 52. Water-level requirements for smallmouth bass differ somewhat g!}?ﬁ{u
;;2 from those for largemouth and spotted basses. Similar conclusions were :S&\:uiz
:;; made by Aggus (1979). Drawdown in fall reduced the biomass of small ::;:i:.:
'64 smallmouth bass in August of the next year, and large annual changes in :'.'::.':*'--"
ok surface area were detrimental. Small smallmouth bass are benthophagous, T
zi and a reduction in benthic food resources by a drawdown in fall may re- ;_ .
;2;, duce the carrying capacity of littoral areas the next spring. The re- f??(‘
23 sponse of small smallmouth bass differs from that of small largemouth Eiéi*
iuﬁ bass, though it is similar to that of small spotted bass. In other !?1:?3
.}i} ways, however, responses of smallmouth bass are similar to those of i;;
i;: spotted and largemouth bass. The biomass and density of small small- ;;
é:;' mouth bass can be increased by large increases in water level from March i%i
. to May and by maintaining somewhat higher water levels in spring and Sy
iis summer than in the rest of the year. t;}
2;&; 53. Reproductive success of white crappie reportedly has been ii:\
':F: increased in reservoirs where water levels were low in fall and high gﬁ
;:: in spring (Benson 1976; Fourt 1978; Groen and Schroeder 1978). However,
iif in this study no significant correlations were obtained, probably be-
LE: cause of inconsistent sampling of small and intermediate-size white
.;;: crappie in coves. Biomass and numbers of small black crappie and small
A crappies (both species combined) were significantly correlated with hy-
::: drologic variables, but no correlations were obtained for intermediate-
;ﬁ? size crappies, which fact suggests hydrology may have a greater effect
e
Y NN
\:: ".:-‘::-':-':
5 e
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on the reproduction of crappies than on their post-hatching survival or,

o, 0,

alternatively, intermediate crappies may not be adequately sampled in
coves. Successful reproduction of crappies requires reduced pool levels
in late summer or fall of the previous year, and above-average levels
from 1 February to 31 May. Fall drawdown would permit recolonization
or seeding of herbaceous vegetation in the drained zone. Flooded, fib-
rous vegetation is the preferred spawning habitat for black crappie.¥*

54. Not all of the lepomid sunfishes responded in exactly the
same way to hydrologic regimes in storage reservoirs, but responses
were similar. Densities of small sunfishes were high when water ex-
change rate was below average in spring and changes in area in summer
and throughout the year were above average (Appendix A). Apparently
many lepomids have better reproductive success in years when hydrology
is less favorable for reproduction by most other species. In contrast
to reproduction by largemouth bass, spotted bass, or crappies, the pro-
duction of YOY sunfish does not appear to be enhanced by drawdowns in
the previous fall or by spring flooding in storage reservoirs. However,
the biomass of intermediate-size lepomids was positively correlated
with spring area and spring flooding.

55. Existing intermediate-size sunfishes may periodically take

advantage of the improved trophic conditions (increased invertebrate

'

production and spawn from other species--sunfish are notorious egg

I

predators) when water levels are high. If high water levels actually oy
x'
enhance the survival of the previous year's YOY, then water levels o
that benefit the reproduction of other important sport fish should also :i
increase the biomass of large sunfishes. Qj
. . ; g
56. Reproduction by white bass is seldom affected by water-level ®
| ] . . . . . A YA W
b~ changes in reservoirs because white bass usually spawn in tributaries .“\ﬁck’s
- . RN
.- (Benson 1973). In this analysis, no significant correlations were ob- .i\;:};ﬁ
b ) . N
o tained between small white bass and hydrologic variables. However, the :i:,},;,Q
p.° - ST
o density of intermediate-size white bass in August was above average in *;""_ e
- @ b e IR
s SEENE
:gj * Personal Communication, 22 Feb 1983, L. E. Vogele, Fishery Biologist, :\i\_Q}}}
Q? National Reservoir Research Program, Fayetteville, Ark. ’:”:’}5?{
o RSN
[ ]
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vears when spring water levels were high and the magnitude of summer

drawdown was below normal (Appendix A). As with many other yearling

piscivores, survival and growth of yearling white bass probably is im-
proved by above-average surface area in spring and summer because the
abundance of many forage fishes is increased.

57. The density of small yellow perch in August was correlated
only with summer area. The relation was positive, suggesting that re-
cruitment is limited by survival of YOY after they hatch in spring.
Consequently, their reproductive success would be improved by above-
average water levels in summer. The detrimental effect of summer draw-
downs on littoral benthos, the primary food of young yellow perch (Scid-
more and Woods 1960), has been well documented (Cowell and Hudson 1967;
Kaster and Jacobi 1978).

58. Although channel catfish reproductive success was not af-

fected by water levels in Lewis and Clark Lake (Walburg 1976), signifi-

.
.
.

1A L AP

cant correlations were obtained in this study (Appendix A). Equations

derived suggest that channel catfish reproduction is enhanced by below-

average changes in surface area throughout the year, especially in sum-

v R e w e N

mer when the extent of drawdown should be reduced. Beneficial changes
in pool levels include somewhat lower than average levels in fall and
above-average levels in early spring.

59. Small flathead catfish responses were similar to those of
small channel catfish. Their biomass was highest in years following
ones with below-normal water levels in fall. Years of successful re-
production were characterized by below-average annual changes in sur-
face area, with above-average increases in surface area in spring. Re-
duced annual changes in area with above-average spring flooding could
occur only if summer and fall drawdowns were reduced. Relatively
stable water levels with some spring flooding evidently improve flat-
head catfish reproduction and survival.

Hydropower mainstream reservoirs

60. Outlines of potentially beneficial hydrologic regimes for

T
LA

sport fishes in mainstream reservoirs were developed from regression _:}
AN
. . . . . . g Pt
equations in Appendix B. In mainstream reservoirs, the overriding POCACH
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influence of inflow on water levels limits the amount of manipulative
control that can be exercised. Therefore, outlining beneficial regimes
may not be of as much value for management as illustrating typical re-
sponses of sport fish to natural sequences of flooding and seasonal hy-
drology in large river-like reservoirs.

61. The density of sport fish as a single entity was higher in
years when annual changes in area and winter-spring area were above
average. Equations in Appendix B on the density of small sport fish
suggest that strong year classes would be most likely to develop if
spring inflows were heavy (storage ratio was low), the total change in

area per year was large, and reductions in surface area in the previous

F

fall were below normal. Equations in Appendix B also suggest that the

LI
.

recruitment of most sport fish, or of at least the few dominant groups,

.

was enhanced by flooding. Centrarchids (mostly sunfishes) comprised

Y

50 percent of all sport fishes. -—
62. Regressions of the biomass or density of small largemouth

bass (dominant black bass) were similar to those for small sport fish

except that an additional variable was included. Above-average in-
creases in surface area between March and May resulted in above-average
biomass and densities of small largemouth bass in August. Equations
for intermediate-size largemouth bass suggest that the survival of
young fish was increased by high water in the fall, early spring, and
spring. Although spotted bass were poorly represented in the data set
on mainstream reservoirs, above-average surface area and flow in the
previous fall also were important to the survival of young spotted bass
(Appendix B). Data on smallmouth bass were inadequate, and no regres-
sion equations were derived.

63. The response of crappies to hydrologic variables was similar
to that of largemouth bass. The reproductive success of white crappies
apparently was increased by rapid water exchange (flow) in spring and
above-average area in early spring. The biomass of yearling white crap-
pie in August was high after years when water elevations were above av-
erage in fall. Small black crappie biomass was highest in years when

changes in surface area were greatest in spring (flooding) and summer
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(receding water). Increased inflows and exchanges of water in spring
also were beneficial.

64. Responses of different species of sunfishes were more di-
verse in mainstream than in storage reservoirs. The abundance of small
sunfishes (70 percent were bluegills) was above average in years when
change in area per year and spring inflow (water exchange rate) were
high. In addition, their density was above normal when area in the
previous fall had been stable and above average. Warmouth reproduction
was enhanced by above-average changes in area each year, but with ex-
tensive reduction in surface area in the previous fall and substantial
spring flooding. Reproduction of redear sunfish was improved by low
flow and above-normal drawdown in the previous fall.

65. The abundance of small temperate basses and white bass was
positively correlated with the surface area in spring. Survival of
young fish after hatching and during their first 1.5 years apparently
was improved by above-normal area in fall and below-average area and
flow in the following spring. However, survival was increased by above-
average area in summer. Temperate basses seem to benefit from natural
seasonal fluctuations in water levels in much the same way as most
other groups (see Keith 1975 for a description of typical responses).

66. The abundance of intermediate-size sauger in August was cor-
related with low rates of water exchange and surface area in the pre-
vious fall and in spring. Low water levels in spring may concentrate
prey fishes for the highly piscivorous yearlings and thereby increase
their survival.

67. Small catfishes were more abundant in August when waters
were reduced less than normal in the previous fall and in years when
summer area was below average. The biomass of small catfishes was
correlated with above-average reductions in surface area in summer.

These results contradict findings for small catfishes in storage res-

7Y

h ¥
[ACRUREASY Y

ervoirs but agree fairly well with those for flood control reservoirs.

Intermediate-size channel catfish biomass was higher following years

with above-average surface area in fall; intermediate-size flathead

j catfish biomass was above average in years after surface area had
(.
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increased more than usual between March and May. The hypothesis that
high water enhances the survival of young fish by providing more habitat
and food seems to be a reasonable explanation for these observations.

Flood control reservoirs

68. The responses of sport fishes to hydrologic changes in flood

control reservoirs were developed from regression equations in Appen-

dix C. Most sport fish were in the centrarchid family.

69. Findings for sport fish in flood control reservoirs are simi- f.':j.\'f'

lar to those for the other reservoir types, except that the effects of j_:E::;'_':
the extreme annual changes in area are more apparent in flood control ..{E“::'
reservoirs than in the others types of impoundments. The total biomass Colata
of sport fish was directly correlated with summer area and previous ‘:.'{'.:E‘:.:
fall storage ratio, and density was inversely related to maximum change '...; -\$~
in area per year (Appendix C). These variables are related to some ex- ':{\_"‘_':"
tent since an increase in fall area (decrease in drawdown) would reduce - ‘!’"\i
the extent of annual change in area, which must adversely impact fish :'::f:‘:;'&
.r' by reducing carrying capacity and benthic food resources in late summer ".':'-_'::J‘:E
::;' or fall. Of the five reservoirs in the flood control data set, only ,-.::.:'.'_‘::
ot one (Barren River Reservoir, Kentucky) was operated to maintain a sum- ® ce.r)
mer conservation pool by delaying drawdown until late fall. Clearly, _:.1_-.._:._,
reproductive success is enhanced by maintaining above-average surface :':-"::..,-‘f;
area in the previous fall, spring, and summer. In addition, reduced .ﬁ"?:::‘}
annual changes in area would be beneficial, but this should occur auto- ';"\"
matically if area was kept above average in fall, spring, and summer. o ,_?__.-
The equation for predicting the biomass of intermediate-size sport fish :t'\;:-"\%

suggests that survival of YOY is increased when discharge (water ex- :.:?E‘%t
change rate) is reduced in fall during a dry year. Below-average water ..\,’:{5.'\'
levels in early spring, followed by above-normal inflow and water ex- i_;_::: 2 v
change rates from March to May and a high summer conservation pool, :::‘::;:ﬁs
would reduce the mortality of most yearling sport fish. ::;:-._,.S_.w
70. Equations for predicting the abundance of small black basses f;-"'ﬁt\"-"
and largemouth bass were not significant, and those for sm-._ spotted . e
bass did not include enough different kinds of hyrologic variables for ::_ . t
analysis. Intermediate-size largemouth bass abundance is apparently ;:::33_3:
A
K
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> enhanced by decreased drawdown and maintenance of a higher pool level in Iy

™ the fall. The rate of discharge of water should be reduced in fall if -

: the reproductive success of largemouth bass was successful the previous
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spring. The next spring, if inflows are appropriate, pool levels should
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be increased slowly and held at above-average levels during summer;
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total yearly fluctuations should be kept below average. Intermediate-
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ol size spotted bass also appear to benefit from reduced drawdowns in

summer.

.
»
. 28

r- 71. The abundance of small crappies in August (a reflection of

é reproductive success) would be increased if annual fluctuations were
dampened, fall area were reduced below average, and the reservoir

slowly filled in spring to reach and maintain above-average spring water
levels. Small black crappies tend to be more abundant if summer draw-

down is less than usual. Survival of young crappies was higher when

p
» l'" l' l'q
N @ e

water levels fluctuated more extensively. For white crappie, higher

el

than average water levels in summer were important for increasing survi-

13

val, as indexed by the abundance of intermediate-size white crappie in

.
n
v 4 4y 4 ¥,

August. Survival of YOY black crappie was increased by high water in

s
.

fall; yearlings appeared to benefit from low water in spring. However,

‘at

the absence of other significant equations precluded further insight

Pl
o,

14

into effects on intermediate-size black crappie.

72. Of the lepomid sunfishes in the flood control sample, 85 per-

2 0 s
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cent were bluegills, 8 percent were green sunfish, and 6 percent were

4 by

warmouth (Appendix D). Small bluegills were more aburdant in years

R ¢
. |
.
-
.
.

when storage ratio and surface area in the previous fall had been above

s
P

normal and when early spring water levels were high. The high water in

AN
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the previous fall would have kept the littoral benthos intact and there-
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by provided a more stable benthic food supply for YOY bluegills. High

water in spring may enhance reproduction by providing more and better
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spawning sites and could increase zooplankton production. Young blue-

- gills apparently survived better after a drawdown in the fall and flood-

.1

ing in spring. Low water in fall could allow herbaceous vegetation to

.
[y

develop, and after being flooded in spring, vegetation would provide

more refuge from predators. Reproductive success of green sunfish was
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improved by increased water exchange rates and above-average surface
area between March and May, after below-average water levels in Febru-
ary and March. Reduced annual change in area was beneficial to green
sunfish and warmouth.

73. The few significant regression equations for predicting
small and intermediate-size white bass biomass or density (Appendix C)
were poor and barely significant at a = 0.05. However, the equation
for intermediate white bass suggests that survival of young white bass
can be increased by extensive fall drawdown and maintenance of above-
average area the next summer. This result is fairly consistent with ob-
servations for the other types of reservoirs and prevailing hypotheses
in the literature.

74. In flood control reservoirs, the abundance of small channel
catfish was higher when maximum change in area per year was less than
usual and when surface area was below average in spring and summer. By
contrast, in storage reservoirs, successful reproduction was related to
above-average drawdown in the previous fall, higher than normal area in
spring, and reduced changes in area in summer and throughout the year.
Possible explanations for the different responses in the two types of
reservoirs were discussed in the section "Effects of Individual Hydro-
logic Variables on Fish," under the subheading "Flood control reser-

voirs.”" Further research is needed on these apparent responses before

definite management plans can be developed. Intermediate-size channel
catfish density was high in years when annual changes in area were
lower than usual. This fact suggests that stable water levels increase
the recruitment of channel catfish, a suggestion supportive of findings
for the other types of reservoirs.

75. Flathead catfish reproduction was enhanced by high rates of
water exchange in the previous fall (higher than normal rates of water

release) but low rates in spring (low inflow). Their recruitment, as

R

indicated by the abundance of intermediate-size flathead catfish, appar-

)
»

ently is increased in years when spring flooding and surface area are

SANA

higher than average, but when summer drawdown is more extensive than

usual.
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Predictive Techniques

76. Equations listed in Appendices A (hydropower storage),
B (hydropower mainstream), and C (flood control) can be used to predict
the effects of existing or proposed water-level regimes. However, be-
cause both the hydrologic and fishery variables were converted to stan-

dard normal deviations (g scores) for regression analyses, water ex-

change and areal variables in the reservoir being investigated must

et YW

first be converted to Z scores. Standard normal deviations in fish

biomass or density can then be predicted from appropriate regression

L

equations. To evaluate fully the extent of changes in biomass or den-

sity, the predicted deviations must be converted to kilograms/hectare

. ',:v f

(biomass) or numbers/hectare (density). Identical Z scores can repre-

sent radically different values if the means and standard deviations
from which they are calculated differ greatly.

77. The formula for transforming data to Z scores is

X - X
SD

= Z score
variable to be transformed
mean of variable X

SD standard deviation of variable X

Means and standard deviations of independent hydrologic variables in

the three data sets are presented in Table 2. As an example, suppose

average spring surface area for hydropower storage reservoirs was

+

raised 500 ha above the mean given in Table 2 (24,383 ha); then, accord-
ing to Equation 1, the associated Z score would be (24,883 - 24,383)/

PR

LI A R A

1,354 = 0.37. Conversely, if average spring area were reduced 500 ha
below the mean in Table 2, the Z score would be (23,883 - 24,383)/1,354
-0.37. The regression equation from Appendix A

small largemouth bass biomass = -0.076 + 0.614 (SPA)

42
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where

,
S

small largemouth bass biomass = the Z score for biomass of small

largemouth bass

~N

Y -0.076 = intercept of regression equation
N obtained from Appendix A, page A5
N 0.614 = regression coefficient obtained

from Appendix A, page AS

SPA = spring surface area
can be used to estimate the Z score for fish biomass for a particular
seasonal surface area. The Z score for small largemouth biomass under
average conditions could be calculated by using a Z score value of 0.0
for SPA in Equation 2, yielding a value of -0.076. If a Z score of
0.37 for SPA were substituted into Equation 2, the predicted Z score

for small largemouth bass biomass would be 0.15, indicating that rais-

o A 0
PR

.
o’ a

ing the average area in spring by 500 ha would increase the small large-

A

mouth bass biomass Z score from -0.076 to 0.15.

4
- 78. A Z score is converted to biomass or density original units
: by:
<
<
- X = (Z x SD) +X (3)
where A
--\ -“- 17\ o“
X = predicted first biomass or density Fﬁ‘h- »
Z = predicted Z from Equation 2
X = mean of fish biomass or density from Appendix D
SD = standard deviation of fish biomass or density from

Appendix D

Means and standard deviations for fish variables in the three types of
reservoirs are given in Appendix D. For example, a Z score of -0.076,
predicted for small largemouth bass biomass if spring area were average
(Z = 0, previous paragraph), can be converted to biomass (kilograms/
hectare) by using Equation 3 and the X and SD for small largemouth bass
biomass from Appendix D (e.g. biomass = (-0.076 x 2.10) + 1.30 = 1.14 kg/ ' °
ha). Hence, with an average spring area, small largemouth bass biomass
should be about 1.14 kg/ha. Converting the Z score 0.15, predicted as-

suming spring area was 500 ha above normal, into biomass (i.e.,
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(0.15 X 2.10) + 1.30) produces 1.62 kg/ha. Therefore, increasing sur-
face area 500 ha above normal in spring increased the biomass of small
largemouth bass in August by 0.48 kg/ha (1.62 - 1.14), or 42 percent.

79. The effects of hydrologic variables (i.e., effects of reser-

voir operation) on fish biomass and density can be explored by examin-

ing predictions when all independent variables are at average condi-

tions. Standard normal deviations in fish biomass or density can be

i predicted for average conditions by substituting zero for independent a&:gﬂi
:tj terms in the regression equations in Appendices A, B, and C. Predicted :i;i;::j
~:§ Z scores should then be converted to kilograms/hectare or numbers/ RSO
oy hectare. The next steps would be to vary the means of hydrologic vari- ‘

ables in Table 2 and then develop reasonable proposed regimes of opera- »:
tion. After transforming proposed values to Z scores, they should be E?
substituted into regression equations in Appendix A, B, or C to predict f
Z scores for fish biomass or density. Effects of alternative hydro- i:
logic regimes can then be evaluated after converting predicted Z scores oy
to kilograms/hectare or numbers/hectare. ?r
80. An alternative method of examining the effects of hydrologic ﬂ:
variables on fish would be to collate at least 4 years of hydrologic ——
data from a reservoir and calculate means and standard deviations for Eszr7
every hydrologic variable. Next, Z scores for proposed changes in hy- if?:’;
drologic variables should be calculated from the means and standard de- ;:E;\,
viations and substituted into regression equations in Appendix A, B, or Eé;;
C, depending on the type of reservoir involved. After predicting 2 t:%:_w
scores for fish variables under the existing and proposed hydrologic héxei
regimes and converting these results to kilograms/hectare or numbers/ 23:
[ ] hectare, the effects of the different operational alternatives should SDL
::“j be compared and evaluated. If at least 4 years of fish data also were ”m*jzj
?ﬁg available from the reservoir, then predicted Z scores for fish could be 'g.
i:: converted to kilograms/hectare or numbers/hectare using calculated means v

L3

and standard deviations for fish in that reservoir.
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PART IV: CONCLUSIONS

81. Results presented in this paper illustrate why water-level
changes are widely considered to have such a significant impact on res-
ervoir fisheries. Although the exact response mechanisms vary somewhat
among species, effects of water-level changes on many fishes can be
predicted with relatively simple regression equations. These equations
can then be used by a biologist or engineer to estimate the effects on
the reservoir fishery of altering seasonal water levels amd reservoir
operations in existing and proposed reservoirs. Additionally, these
predictions can be used as guidelines to protect or enhance reservoir
fisheries.

82. This report details findings of multiple regression analyses
relating fish variables to seasonal hydrologic variables in three types
of reservoirs (hydropower storage, hydropower mainstream, and flood con-
trol). Correlations were used to rank seasonal hydrologic variables
according to their importance for fisheries and to outline management
strategies for important species or assemblages of fish. Regression
equations for three types of reservoirs (Appendices A-C) form the basis
for a quantitative predictive methodology for evaluating effects of
existing or proposed reservoir operational regimes on fish reproductive
success and recruitment.

83. Hydrologic variables in hydropower storage reservoirs were
the most consistent in terms of positive and negative effects on differ-
ent fish, and effects were most consonant with prevailing hypotheses in
the literature. More significant equations were obtained from this
data set than from the others, probably because the sample was large
(25 reservoir-years of data) and the most homogeneous with regard to
morphometry, seasonal patterns of operation, and fish composition and
abundance. The abundance of many fish in August was positively corre-
lated with each of the four most important independent variables (i.e.,
mean spring area, annual change in area, mean summer area, and spring
change in area). Above-average summer drawdowns usually resulted in

below-average fish abundance in August. Results strongly suggest that
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reduced survival after hatching is more limiting to fish recruitment
than poor spawning success in spring. Once every 3 to 5 years, attempts
should be made to (a) draw down water levels in late summer or fall and
establish terrestrial vegetation in the fluctuation zone, (b) flood
vegetation in spring, and (c) maintain above-average surface area for

as much of the growing season as possible.

84. Although relations between hydrologic variables and fish
abundance in hydropower mainstream reservoirs were generally similar to
those obtained for hydropower storage reservoirs, they were of less
value for management and prediction than for illustrating responses of
fish to river-like conditions. Hydrology in hydropower mainstream res-
ervoirs is highly variable and clearly forced by variations in runoff
or storm events. Extensive flows and limited capacity for storing
water cause water-level variables to fluctuate more frequently though
less extensively than in the other types of reservoirs. The overriding
influence of flow on water levels in mainstream impoundments limits the
amount of manipulative control that can be exercised for management pur-
poses. Regression equations suggest that management plans similar to
those outlined for hydropower storage reservoirs will improve fisheries
but to a lesser extent.

85. Regression equations derived from the flood control data were
the least consistent or significant because of the heterogeneity of the
reservoirs involved. The five impoundments in the data set varied
widely in size, seasonal patterns of operation, and fish composition and
abundance. However, high annual variability in fish abundance and the
high degree of operational control possible in flood control reservoirs
strongly suggest that water-level management could improve fisheries
more than similar management in other types of reservoirs. Reproductive
success and survival of most important fish apparently was increased by
above-average surface area in spring, summer, and fall, but extensive
annual changes in surface area had a negative impact on sport-fish abun-
dance. Recommended management involves periodically (every 3 to 5 years)
implementing a plan as outlined above for hydropower storage reservoirs.

Most importantly for flood control reservoirs, large summer drawdowns
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- should be reduced or eliminated in favor of a relatively high conserva-

tion pool with evacuation of storage postponed until winter.

- 86. The scarcity of quantitative data collected for 4 or more
M consecutive years from one reservoir is perhaps the greatest hindrance
E;& to statistical verification of cause-effect hypotheses that surpass
Q:? simple testing for positive or negative effects. The previous research

on water levels was essential to the development of the testable hypoth-
eses available today. But, only by examining long-term data sets can 2-
or 3-year management operations be replicated and statistically examined
to determine which elements of management plans were essential to suc-
cess. Additionally, these kinds of data allow for predictions that are

essential in evaluating requests for altered reservoir operations.
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Table 3

Significant (p < 0.05) Pearson Product Moment Correlation

Coefficients of Independent Variables

a/

for the Study Reservoirs-—

Hydropower Storage Reservoirs

b/spsr _spa SUA FSR FA _ da/YR dA3-5 dA6-8 dA8-10 ?
-0.57 0.92  0.43 =--  -- -- -- -- -- R
-0.70  -0.40 --  -- -- -- -- -- P

0.54 == == == am am -- )

.

-- 0.3 -~ -- -- -- RSC

-0.31  -- -- -- -- ®

-0.44  -- 0.38 0.31 PO

0.42 -0.57 - N

-0.62  -- N

Hydropower Mainstream Reservoirs

SPSR SPA SUA FA  dA3-5 dA6-8 dA8-10
~0.61 0.80 0.46 -- -- -- --
-0.44 -- -- -- -- --
0.50 -- -- - -
-- -- 0.59
-0.45 --

Flood Control Reservoirs

SPSR SPA SUA FA dA/YR dA3-5 dA6-8
-0.67 0.89 0.36 -- -- -0.50 --
0.67 -- -0.40 -- 0.37 --

0.50 -- -- -- -0.40
0.35 0.31 -- --
0.39 -- --

-- -0.47

a/ Definitions of variables are given in Table 2.
b/ Only variables with at least one significant correlation coefficient
are included.

iy

v
X

]
OO
a A 2

A -

v v . -m_. @
A N A LA A A S
}%{“‘J":"f“‘e".-‘.- e 'r..',
”-*-*e’et:‘r‘r‘«\r*f\-\f"f“
S iS P A N
AR N N A VL LAYy >




NN

1
[

S

N

~1@

c & _a_u
1]

e
RERES

NN

Table 4

Fish Variables in Hydropower Storage Reservoirs That Were

Correlated at o = 0.05 with Average Surface Area in

Fall, Winter-Spring or Spring, and Summer2

/

Fall Area
(previous year)
Negative Correlates

Winter-Spring
or Spring Area
Positive Correlates

Summer Area
Positive Correlates

Spotted bass N)
Smallmouth bass (N)
Crappies (B,N)
Black crappie (B,N)
Catfishes (B,N)

Channel catfish (B)
Flathead catfish (B)
Gizzard shad (N)

Black basses (N)
Largemouth bass (N)

Small Fishes

All species (B)
Sport fishes (B)
Black basses (B)
Largemouth bass (B,N)
Spotted bass (B)
Crappies (B,N)
Black crappie (B,N)
Gizzard shad N

Intermediate-Size Fish

Black basses (B,N)
Largemouth bass (B,N)
Lepomid sunfish (B,N)
Bluegill (B,N)
Warmouth (B)
Green sunfish (B,N)
Temperate basses  (N)

White bass (N)
Common carp (B,N)
Redhorses (B,N)

Threadfin shad (B,N)

All Size Fishes

Sport fishes (B)

All species (B)
Black basses (B,N)
Largemouth bass (B,N)
Spotted bass (B)
Black crappie (N)
Yellow perch (B,N)
Threadfin shad (B)

Sport fishes (B)
Black basses (B)
Largemouth bass (B)
Lepomid sunfish (B,N)

Bluegill (B,N)
Green sunfish (B)
Redhorses (B,N)
All species (B,N)
Sport fishes (N)
Golden shiner (B)
Minnows (B,N)

NOTE: The few correlates that had inverse relations to those shown here
are discussed in the text.
a/ Unit of variable (noted in parentheses) is B (biomass) or

N (number).
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Table 5

Fish Variables in Hydropower Storage Reservoirs That Were

Correlated at o = 0.05 (Unless Indicated Otherwise) to
/

Changes in Surface Area in Fall, Spring, and Summer2

Fall Drawdown

(previous year) Spring Flooding Summer Drawdown
(dag8-10) (dA3-5) (dA6-8)
Positive Correlates Positive Correlates Negative Correlates

Small Fishes

Walleye (B) All species (B)

b/Black basses (N) Black basses (B,N) Black basses (B)
b/Largemouth bass (N) Largemouth bass (B,N) Largemouth bass (B)
b/White crappie (B) Spotted bass (B,N) Spotted bass (B,N)
b/Warmouth (N) Crappies (B) Crappies (B)
c/Temperate bass (N) Black crappie (B,N) Black crappie (B,N)
b/White bass (B) Threadfin shad (B) Green sunfish (N)

Gizzard shad (N) Gizzard shad (N)

.1‘.1" '3

Intermediate-~Size Fish

ey Y Y,

b/Spotted bass (N) All species (B)
c/White bass (N) Sport fishes (B) Sport fishes (B)

Spotted bass N) Black basses (N)
Lepomid sunfish (B,N) Largemouth bass (N)
Bluegill (B,N) Green sunfish (B,N) be
Green sunfish N) Temperate basses Nn) R
wWhite bass N) White bass (B,N) y
Threadfin shad (B,N) Common carp (N)

Redhorses (N)

Threadfin shad (B,N)

All Size Fish

All species (B,N) Sport fishes (B)
Sport fishes (B)
Minnows (B)

NOTE: The few correlates that had inverse relations to those shown here
are discussed in the text.
a/ Unit of variable (noted in parentheses) is B (biomass) or
N (number).
b/ Significant at «
¢/ Significant at «
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Table 6
Fish Variables That Were Correlated at o = 0.05 (Unless

Indicated Otherwise) with Fall Area (Previous Year),

Winter-Spring or Spring Area, or with Summer Area

i

. . . a
in Hydropower Mainstream Reserv01rs~/

! - -
1‘.{‘.‘..‘
e
"-
[

.

g
Fall Area Winter-Spring or Spring Storage ?2}:7
(Previous Year) Spring Area Ratio N
Positive Correlates Positive Correlates Negative Correlates ) I
AP
A
. s WY
Small Fishes vy

’

Ui is il

Warmouth (B,N) wWhite crappie (B) Largemouth bass  (B)
b/Crappies N) Warmouth (N) White crappie (B,N)
c/Lepomid sunfish (B) Temperate basses (B) Freshwater drum (B,N)

White bass (B) b/Sport fishes (N)
b/Freshwater drum (B) b/Black basses (B,N)
c/All species (B) b/Pikes (N)
c/Lepomid sunfishes (B) b/Warmouth N)

E/Lepomid sunfishes (N)

Intermediate-Size Fishes

Largemouth bass (B) Black basses (B,N) Largemouth bass m

Spotted bass (N) Largemouth bass (B,N) Common carp (B)
Crappies (B,N) c/Spotted bass (N) b/Black basses (N)
White crappie (B,N) c/White bass (N) b/Crappies (N)
Warmouth (B) c/Pikes (B) b/White crappie (N)
Gizzard shad (N) c/Redear sunfish (B) b/Sauger (N)
c/Black basses (B) c/Freshwater drum (B,N) b/Gizzard Shad N)

c/Lepomid sunfish (B,N)

All Size Fishes

b/All species (B) Golden shiner (B) Golden shiner (B)
Minnows (B) b/Minnows (B)
b/Sport fishes (N)

NOTE: The few correlates that had inverse relations to those shown here
are discussed in the text.
a/ Unit of variable (noted in parentheses) is B (biomass) or
N (number).

ot b/ Correlated at a = 0.10 .
:?:: ¢/ Correlated at « = 0.20 .
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Definitions of Terms or Symbols Used in Appendix A

Independent variables in the regression equations were defined in

’ \
Table 2. Other abbreviations or definitions are as follows: “ o
P
[] \’
Tl
Biomass Standard normal deviation in fish biomass (kilograms/hectare) q z.- A
in August. :
Density Standard normal deviation in fish density (numbers/hectare)
in August.
F A common statistic used to test for significance;
F = explained variation/unexplained variation.
N Sample size. 'F
""-. F]
P>F The significance probability of F is the probability of !4.'_{::-_:_
obtaining an F this large or larger by chance, when the ;3‘_{1’{*’{‘
hypothesis on no correlation is true. f".é:‘,:'.(-:‘
-'(_:f‘.:"
TL Total length in mm. o \‘_:
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APPENDIX B: REGRESSION EQUATIONS RELATING FISH BIOMASS
- OR DENSITY TO SELECT HYDROLOGIC VARIABLES IN
HYDROPOWER MAINSTREAM RESERVOIRS
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Independent variables in the regression equations were defined in

Table 2. Other abbreviations or definitions are as follows:

Biomass Standard normal deviation in fish biomass (kilograms/hectare)
in August.
Density Standard normal deviation in fish density (numbers/hectare)
in August. s ;}x
F A common statistic used to test for significance; N

F = explained variation/unexplained variation.
N Sample size.

The significance probability of F is the probability of
obtaining an F this large or larger by chance, when the
hypothesis on no correlation is true.

Total length in mm.
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Definitions of Terms or Symbols Used in Appendix C
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Independent variables in the regression equations were defined in

b

Table 2. Other abbreviations or definitions are as follows:

Biomass Standard normal deviation in fish biomass (kilograms/hectare)
in August.

Density Standard normal deviation in fish density (numbers/hectare)
in August.
F A common statistic used to test for significance;

F = explained variation/unexplained variation.

N Sample size.

P>F The significance probability of F is the probability of
obtaining an F this large or larger by chance, when the
hypothesis on no correlation is true.

TL Total length in mm.
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